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FOREWORD

(U) This report "Sensitivity of Explosives Loaded Ordnance",

by EXPLOSIFORM,INC., San Francisco, California was prepared
under Air Force Contract No. AF 08(635)-5606, Project No. 2511.
It describes studies of the effects of systems parameters upon
the sensitivities of explosives and explosives loaded ordnance
to shock and impact. The need for such information is becoming
increasingly greater as more sophisticated conventional explo-
sives ordnance items which employ delayed fusing fcr hard tar- |
get penetration are required.

(U) This report contains no classified information extracted
from other classified documents.

(U) The work was administered under the direction of Mr. Carl
Kyselka and Lt. Jack Trossbach of the Air Force Armament Labor-
atory (ATWT), Eglin Air Force Base, Florida.

(U) The research program was conducted by EXPLOSIFORM,INC.
under the technical direction of Mr. Jacob Savitt. Additional

% personnel who made significant contributions to the research
effort were Mr. Robert E. Conover and Miss Carolyn Findley of

EXPLOSIFORM,INC. and Capt. Nicholas Leone of DAD.

(U) This report covers work performed from 8 February 1966 to
28 April 1967.

(V) This technical report has been prepared and marked in accor-
dance with the DOD Industrial Security Manual by the contractor.

(U) Information in this report is embargoed under the Department
of State International Traffic In Arms Regulations. This report
may be released to foreign governments by departments or agen-

cies of the U.S. Government subject to approval of the Air Force
Armament Laboratory (ATWT), Eglin AFB, Florida 32542, or higher
authority within the Department of the Air Force. Private indi-
viduals or firms require a Department of State export license.

(U) This technical report has been reviewed and is approved.

Chk¢$CL ¢f,4¢3~044~A\
["°"GEORGE P. BRENNER, Colonel, USAF
Chief, Weapons Division
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UNCLASSIFIED ABSTRACT

(U) The effects of systems parameters upon the sensitivities
of explosives and explosives loaded ordnance were studied by
exposing simple steel-shielded systems to the direct contact
detonation of large length-diameter ratio cardboard-confined
cylinders of NITROGUANIDINE and TNT and to the impact of high
velocity steel discs. The steel-shielded explosive appeared
more sensitive when loaded at a high density than when loaded
at a lower density. In addition, when initiating impulses
were of longer duration, lower pressures were capable of
detonating the acceptor explosives.

In addition to security requirements which must be met, this
document is subject to special export controls and each trans
mittal to foreign governments or foreign nationals may be made
only with prior approval of the Air Force Armament Laboratory
(ATWT), Eglin AFB, Florida 32542.
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SECTION I

INTRODUCTION

(C) Detonations of bombs delivered from very low altitudes must
be delayed(l) until the aircraft delivering them are outside the
E lethal radii of the bombs. If the targets are soft and the
speeds of the aircraft are slow enough so that impact velocities
and pressures are low enough, the:se delays may be accomplished
by the use of mechanical and/or electrical delay fuses and/or
bomb retardation systems such as parachutes. However, if air-
craft speed is very great, or if hard targets are involved, (2)
the pressures developed in the bombs at impact may be very
great. These pressures can be so great, that premature detona-
tions will result, even though fuzes which can survive and
function properly are used. These premature detonations have
been found to be due to the inability of the main charge explo-
sives to withstand the high pressures developed during impact.

(U) Sometimes premature detonations occur even at lower impact
pressures because the bomb structure is mechanically not strong
enough to survive impact and penetration. Bomb breakup(3) then
results in localized pinching of thin layers of explosives or in
"other localized concentrations of energy sufficient to initiate
self-propagating reactions which develop into vigorous deflag-
rations or detonations.

(C) The search for new and effective main charge explosives or
explosives mixtures which are sensitive erough to be reliably
detonated by ordinary explosives trains but insensitive enough
to withstand hard target high velocity impact, with or without
bomb breakup, has so far been unsuccessful.

(U) In order to optimize the design of explosives loaded ord-

nance to withstand high velocity impact, the sensitivity as

well as the output of the main charge secondary high explosive

must be known. How to measure this sensitivity is a major prob-

} lem since the sensitivities and order of sensitivity of explo-

sives depend overwhelmingly upon the characteristics of the

’ entire system of which the explosive is only one part. Complete-
ly reliable measurements of explosives sensitivity can only be

| made when the explosive is loaded into the actual system of

. interest and tested full scale under actual conditions of use.

(C) For large bombs or other costly explosive loaded ordnance,
this is not always economically possible. Cnly part of the
economic problem is the high cost of the ordnance items. Some-

1

CONFIDENTIAL




CONFIDENTIAL

times the major cost of tecsts of impact sensitivity of explosive
loaded ordnance is the cost of accelerating the ordnance to the
impact test velocity. When we note that velocities of interest
are of the order of 1000 or 1500 ft/sec and higher, we can see
that aircraft or rocket sledtracks are required to bring ord-
nance weighing only a few hundred pounds to impact test cond-
itions. Such tests(4,5) are very costly.

(C) Various alternative test systems have been suggested and
tried. These include tests in which explosives samples are
exposed to impact by falling weights(6) or to nearby detonations
of other explosives(7,8), tests in which explosives are exposed
to impact by bullets(9) fired from guns, tests in which explo-
sives are exposed to impact by plates(l0) or fragments acceler-
ated by other explosives charges, tests in which explosives are
lcaded into modified small mortar shells and fired against
controlled targets(ll), and tests in which special idealized
small scale containers are loadcd with explosives and fired from
smooth-bore guns(l12) against controlled targets. None of these
tests use complete or full scale bombs or similar explosive
loaded ordnance.

2
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SECTION II

THE DIRECT CONTACT DETONATION EXPLOSIVES SENSITIVITY TEST

(U) The direct contact detonation explosives sensitivity test(13)
was first used to measure the sensitivities of small pressed
pellets of explosives to explosives generated pressure pulses of
short but controlled duration. The results of these tests indi-
cated that meaningful and reproducible information could be ob-
tained for ordering explosives with respect to their sensitiv-
ities to detonation by other explosives. Later(l4), this test
was used to measure the relative sensitivities of eight-pound
cast bare charges of TNT, H-6, PICRATOL and TRITONAL to aid in
choosing between them for use in an anti-bridge bomb which was
designed to be delivered from a low flying high speed aircraft.
This bomb was designed to impact and penetrate normal ground or
road surfaces at supersonic speed without detonation or breakup
to an optimum depth near a bridge abutment before detonation.
This emplacement would result in maximum bridge damage per bomb
expended.

(C) The direct contact detonation explosives sensitivity test
indicated that the order of sensitivity was H-6, TNT, PICRATOL,
and TRITONAL with H-6 the most, and TRITONAL the least, sensitive.
These results were in agreement with full scale bomb impact
sensitivity tests(l,3,4).

(U) More recent studies (15) of the effect of systems para-
meters using the direct contact detonation explosives sensitivity
test indicated that the test could reliably and reproducibly
detect effects of explosive loading density, size, and con-
finement upon critical pressures required for sample detonation.

(U) The test systems used for these studies are illustrated in
Figures 1 and 2. 1In these systems, shock waves of varying
peak pressure amplitudes are generated by the detonation of
the cardboard confined long length-diameter cylinder of NITRO-
GUANIDINE loaded to various densities. The sample explosives
of interest are exposed to these calibrated shock waves and
their sensitivities to them are observed.

(U) The peak pressure, P, of a shock wave which is transmitted
into a sample exposed to the detonation of a NITROGUANIDINE
charge in an arrangement like that of Figure 1 or Figure 2 is

Ps = 2PpsUs/(psUs o) AR Rl e o2 R e e (L)

where P is the detonation pressure of the NITROGUANIDINE, Py is
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Safety Fuse

#8 Regular Blasting Cap

Wood Booster Holder

TETRYL Booster

2.000 Inch Diameter
0.062 Inch Thick
Cardboard Tube

DONOR
Eight Weighed 1.00

Inch Long Increments
of NITROGUANIDINE

Test Sample

"Wood Sample Holder

ACCEPTOR Aluminum

Witness Plate

UNCLASSIFIED

Figure 1. Direct Contact Detonation Explosives Sensitivity
System for Small Pressed Samples
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Figure 2.

—-———— Safety Fuse

l—s— Cardboard Tube

—— # 8 Regular
Blasting Cap

. Cardboard
Support

EL 506A Booster

8 Inch Long, 2 Inch
Diameter NITROGUANIDINE
Donor Loaded at Uniform
Density in 1 Inch Long
Increments

Cast 6 1/4 Inch
Long, 5 1/4
Inch Diameter
Acceptor on Ground
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Direct Contact Detonation Explosives Sensitivity
Test System for Large Cast Samples
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the density of the sample, U_ is the velocity of longitudinal
compression waves in the sample, p is the loaded density of the
NITROGUANIDINE, and D is its detonation velocity.

(U) When the units of p are expressed in gm/cc, the units of D
in ecm/usec, and the units of P in kilobars,

D 0.144 + 0.4020 . . . . . . . . . . . . (2)

and

P 1/4 pD2 v v i e e e e e e e e e e e e . . (3)

(U) If the sample is steel (for example, the steel of a bomb
case), P is the pressure of the shock wave transmitted into the
steel case when NITROGUANIDINE loaded at a density equal to p is
detonated in dairect contact with the steel and the detonation
wave strikes the steel at right angles to its surface.

(U) Since NITROGUANIDINE can be loaded to densities as low as
about 0.1 gm/cc, detornation pressures as low as about one kilo-
bar may be generated in it. By increasing the loading density
and/or by using other appropriate C-H-N-0O explosives, pressures
greater than 100 kilobars may be generated without difficulty.

=
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SECTION III

AN APPLICATION FOR THE STUDY OF
THE SENSITIVITY OF EXPLOSIVE LOADED ORDNANCE

(U) NITROGUANIDINE systems similar to those shown in Figures 1
and 2 may be used to generate pressure pulses in full size steel
bomb cases and in the cases of other explosives loaded ordnance
items to simulate those experienced by such items when they
impact with various targets of interest such as soils, rocks,
concrete, and steel. 1t may thus be possible to use these
NITROGUANIDINE generated pressure pulses to observe and measure
the impact sensitivities of explosives loaded ordnance items
such as bombs without dropping them from aircraft or hurling
them against targets from rocket sleds. The results of such
tests will of course be applicable only to those bombs which are
designed to and which successfully can, penetrate their targets
without mechanical breakup.

(U) Should air drop or sled impact tests confirm the validity of
such simulations, it is highly probable that experiments with
bomb segments or simulated or scaled bombs will yield data of
useful reliability with even greater savings.




SECTION IV

PRESSURES GENERATED BY HIGH VELOCITY IMPACT

(U) When a high explosive loaded bomb strikes a target at a high
velocity, high pressure shock waves are generated which propa-
gate through the target and into the bomb. For such waves, the
laws of conservation of mass and momentum require that

o] /p U(U"u) « o o e o o e e e o (4)
and 1o
P = poUu e e e e e e« e . (5)
where p is the density of the undisturbed medium, p is the
density%of the medium immediately behind the shock wave, U is
the velocity of the shock wave, u is the velocity of particles
immediately behind the shock wave and P is the pressure immedi-

ately behind the shock wave.

(U) Two waves are generated at impact. One of these waves moves
forward into the target; the other moves in the opposite direc-
tion into the bomb. If the amplitude of this shock wave is
large enough, the bomb will be detonated.

(U) Given the relationships of Equations (4) and (5), the bound-
ary conditions that the pressure and particle velocity must be
continuous across the bomb-target interface, and the experimental
relationship between pressure and particle velocity for the
materials of bomb and target, it is possible to determine
pressures generated in the bomb at impact by using simple graphi-
cal methods(16,17,18).

(U) The determination of pressures generated at the interface
between a steel cased bomb and targets of tuff, grabbo rock and
steel, when the velocity of impact is 500, 1000 and 1500 ft/sec,
is shown in Figure 3 and illustrates the method.

(U) First the Hugoniot relationships, P = P(u), are plotted for
the target materials of interest (i.e. for steel, grabbo rock
and tuff); then the reverse Hugoniot relationship, P = P(v-u),

is plotted for the steel cased bomb for the impact velocities, v,
of interest.

(U) Tuif is low density volcanic rock. Grabbo is high density
lava. These materials were chosen because P,u data was avail-
able for them and because their properties may bracket normal
target terrain properties. Steel is not only the normal bomb
casing, it is also the common target material of railroad tracks,

8
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bridges, etc. The data shown are extrapolations from higher
pressure data obtained at LASL.

(U) P = P(v-u) 1is the reflection of the P = P(u) data in
the P axis. It is identical to the P = P(u) reflection but
is displaced parailel to itself on the u axis so that the

P =0 point is at u = v 1instead of at u = 0.

(U) At the intersections of the reverse Hugoniot for the steel
bomb, and the Hugoniots for the targets, the pressures and
particle velocities are the same in bomb and target. Thus,
(see Figure 3) at an impact velocity of 1000 ft/sec, shock
pressures of 15 kilobars (intersection point 1), 37 kilobars
(intersection point 2) and 56 kilobars (intersection point 3),
respectively, are generated in a steel bomb casing upon impact
with tuff, grabbo rock and steel targets.

(U, The relationship between P_, the magnitude of the shock

wave pressure generated in a sfeel bomb case due to the direct
contact detonation with it of NITROGUANIDINE and the density, o,
of the NITROGUANIDINE may be determined by using Equations (1),
(2), (3) and (5) and the P,u data for steel from Figure 3.
(The magnitude of p U; may be determined from Equation (5) and
the steel Hugoniot of Figure 3 and is equal to 3.74 gm/cm?usec.)
The results of such calculations are shown in Figure 4. 1In this
way we find that the direct contact detonation of NITROGUANIDINE
test charges loaded at densities of 0.36, 0.56, and 0.69 gm/cc
will simulate the pressures (i.e. 15, 37 and 56 kilobars, -
respectively, as calculated in the previous paragraph) generated

in these bombs by their respective impacts with tuff, grabbo

rock and steel at a velocity of 1000 ft/sec. .

10
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SECTION V

THE PREDICTION SCHEME

(U) Predictions of the impact conditions under which explosive
loaded steel cased bombs will detonate may be made after
simple and straightforward experiments and calculations

as follows:

A, Expose bombs or appropriately simulated bombs tc the
direct contact detonation of NITROGUANIDINE test ‘
charges and determine the relationship between the
magnitude of the NITROGUANIDINE generated pressure
wave and the probability of bomb detonation.

B. Use the Hugoniot data for the bomb case and target
materials of interest and determine the magnitudes
of the pressure waves generated under various
conditions of impact with these targets.

C. Hypothesize that the probability of detonation at |
impact is equal to the probability of detonation
in the direct contact detonation sensitivity test
when equal pressures are generated in the bomb case.

D. Test the hypothesis in C by actual impact tests.

12




SECTION VI

SCOPE OF EXPERIMENTAL STUDIES

(U) Because neither bombs nor warheads for the tests indicated
in A and D of SECTION V were made available for testing,
major program effort was devoted instead to the study of the
effects of systems parameters upon the sensitivities of explo-
sives and explosives loaded ordnance to shock and impact. The
information from such studies will be required for the efficient
design of experiments with full size explosives loaded ordnance
items when these are made available for testing.

13
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SECTION VII

BOMB CASE THICKNESS EFFECTS

A. Experimental Arrangement

(U) An exploratory investigation of the effect of bomb case
thickness upon the response of the explosive to the pressure
induced in a steel bomb case was conducted using the simplified
acceptor systems shown in Figure 5.

(U) Two different methods were used to generate initiating
pressure pulses in the acceptor system. 1In one, (see Figures 5
and 6) pressure pulses were generated in the acceptors by the
direct contact detonation with them of large length-diameter
ratio charges of TNT or NITROGUANIDINE loaded to various appro-
priate densities in accordance with the relationships of
SECTION II. In the other, (see Figure 7) pressure pulses were
generated in the acceptor systems in accordance with the rela-
tionships of SECTION IV, by exposing these systems to the
impact of steel discs hurled at them by special explosive
projectors.

(U) The projector system is shown in Figure 7. It consists of
a large length-diameter ratio cardboard confined cylinder of
pressed NITROGUANIDINE, which upon detonation at one end,
projects a steel disc in contact with the other end in an axial
direction. The velocity to which the disc is accelerated
depends upon the mass and dimensions of the disc and upon the
density to which the NITROGUANIDINE is loaded(19). The results
of measurements of disc velocities as functions of the project-
or explosive loading density and disc thickness are presented
in Table I and Figure 8.

(U) The acceptor system consisted of a "sandwich" structure
which usually contained a 1/2 inch long by 1/2 inch diameter
explosive cylinder between a Cl018 steel barrier and a witness
plate of similar material. Barrier and witness plates were

2 1/8 inches in diameter. The witness plates were 0.119 inches
thick but the barriers were 0.018, 0.029, 0.055, or 0.119
inches thick.

(U) The samples were oriented "on end" or "on side" as illus-
trated in Figure 5 for direct contact detonation tests (see
Figures 5 and 6) but only "on end" for impact tests. For
impact tests, (see Figure 7) the projectile was initially
approximately 3 1/2 inches from the acceptor.

14
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Safety Fuse

#8 Regular
Blasting Cap

TETRYL Booster

1/8 Inch Thick
Cardboard Tube

2.00 Inch Long
Increments of
NITROGUANIDINE

Barrier

Paper Tape
Explosive & 3
Sample
Air
Witness
UNCLASSIFIED Plate

Figure 6. Test Arrangement for Exploratory Studies
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1/4 Inch Thick
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# 8 Regular
Blasting Cap
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Explosive
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Projectile

Paper Tape

UNCLASSIFIED

Witness
Plate
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Explosive
Paper
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Figure 7. Impact Test System
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TABLE I. DEPENDENCE OF PROJECTILE VELOCITIES UPON NITROGUANIDINE
LOADING DENSITY, PNQ’ AND PROJECTILE THICKNESS, a.

Shot No. PNQ ar* v
(grains per
increment) (inches) (ft/sec)
53 300 0.119 773
54 400 0.119 966
55 300 0.119 860
56 400 0.119 980 ‘
57 500 0.119 1146
58 500 0.119 1147
59 600 0.119 1325
60 700 0.119 1454
62 1300 0.119 2415
78 600 0.373 432
82 1200 0.363 845
84 . 900 - 0.525 391
85 900 0.366 568
87 300 0.265 380
88 300 0.370 335
89 300 0.525 182
91 1200 0.495 563
92 1200 0.753 367
93 1200 0.266 1036
94 900 0.225 908
96 900 0.766 277 .
98 600 0.484 313
99 600 0.244 594
100 600 0.798 186
102 300 0.776 82
103 300 0.186 472
104 600 0.185 785
105 900 0.196 1030
106 900 0.182 913

UNCLASSIFIED

* The 0.119 inch thick projectiles were 2 1/8 inches in
diameter. All others were 2 1/4 inches in diameter.
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Figure 8. Variation of Projectile Velocity, v, with Projectile
Thickness, a, and Projectile Explosive Density, pNQ

19




(U) TETRYL which was used as the acceptor sample explosive for
both direct contact detonation tests and impact tests was loaded
at a density of 1.60 gm/cc. The cast materials were used as
received from NOTS but were saw-cut to length with an accuracy
of about $1/16 inch.

B. Test Results

(U) The steel barrier discs of the acceptor systems of Figures
5, 6 and 7 simulate steel bomb cases. When donors loaded with
TNT or NITROGUANIDINE at various loading densities ppyp Or pyg
respectively, are detonated in direct contact with these
acceptor systems, pressure pulses of magnitude P which depend
upon the loading densities ars generated in the barriers. The
explosive samples react to these impulses in a variety of ways.
These reactions depend upon the magnitude of P, and upon the
thickness of the simulated bomb case. The resufts of tests using
the systems of Figures 5 and 6 are presented in Table II. Five
different explosives samples were expo:2d. The compositions of
the three uncommon plastic-bonded ones aie given in Table III.

(U) Test results indicate that the vigor of the reaction of the
explosive sample decreases when the barrier thickness is in-
creased. In addition, these results indicate that the "on side"
acceptor configuration is more difficult to detonate than the
"on end" configuration.

(U) A comparison of pressures required, in the direct contact
detonation test system of Figure 6 and in the impact system of
Figure 7, to produce similar reactions in acceptors containing
TETRYL samples is presented in Figure 9. The magnitudes, Pg,
of the pressures which are transmitted into the 0.018, 0.029,
0.055 and 0.119 inch thick steel barriers of the acceptor system
of Figure 6 and the sample reactions which result were taken
from the data of Table II. The magnitudes, P.,., of the pressures
which are transmitted into the steel barriers 5f the acceptor
systems when these are hit by steel projectiles at velocities
sufficient to cause similar sample 1eactions were taken from the
data of Table 1IV.

(U) while it appears that pressures required to detonate the
acceptor "high order" increase in a similar way with increasing
barrier thickness for both the direct contact detonation and the
impact test systems, very much higher pressures must be generated
by disc impact in order to detonate the sample. This is con-
sistant with the fact that the durations of the pressures gener-
ated by the impact of the very thin (about 1/10 inch thick) steel
discs are very much shorter than those generated by the direct
contact detonation system using long two inch diameter donors.
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